INTRODUCTION
Stroke remains one of the leading causes of death worldwide. 1 Although vascular risk factors and aging are the most important contributors to the burden of stroke, current evidence indicates that infectious causes (eg, HIV) might increase stroke risk. 2, 3 When HIV infects the host, HIV virion may increase endothelial permeability and cause vasculitis. 4, 5 HIV-associated vasculitis leads to intramural arterial ischemia, which may increase the risk of stroke. 6, 7 Although increasing evidence suggesting that HIV infection may increase the risk of stroke, few longitudinal studies have examined the association. A prior cohort study found that the risk of incident all-cause stroke was higher among patients with HIV than among patients without HIV. 8 Another 3 studies showed that HIV infection was associated with increased risk of ischemic 9, 10 or hemorrhagic stroke. 11 However, previous studies of the association between HIV infection and incident stroke were limited to male 10 or hospital-based patients, 9 those receiving antiretroviral treatment, 11 and inadequately controlled for potential confounders such as hypertension (HTN) and coronary heart disease. 8 Opportunistic infections (OIs) can cause vasculitis and are important in the development of stroke in patients with HIV. 3 A series of case reports showed that OIs [eg, cryptococcal meningitis, cytomegalovirus (CMV), or Candida albicans infection] in patients with HIV caused central nervous system vasculitis and may lead to stroke development. 3, [12] [13] [14] Although accumulating evidence suggests that OIs are associated with increased risk of incident stroke in patients with HIV, few large-scale epidemiologic studies have investigated this association. Stroke management and prevention should include identification and prevention of specific stroke risk factors, particularly in high-risk populations. We therefore conducted a nationwide population-based cohort study of the risk of incident stroke in Taiwanese with and without HIV during the period 2000-2012.
METHODS

Data Source
The Taiwan National Health Insurance (NHI) system is a mandatory universal health insurance program that has provided comprehensive medical care to more than 99% of Taiwanese citizens since 1995. 15 In this nationwide cohort study, we analyzed patient data obtained from the NHI Research Database (NHIRD). The NHIRD can be found at http://nhird.nhri.org.tw/ and is provided to scientists for research purposes. The NHIRD is a large-scale computer database that is derived from the NHI, administered by the Bureau of NHI, and provided to scientists for research purposes. Patient identification codes in the NHIRD are scrambled and deidentified before the data are released to researchers. The accuracy of NHIRD diagnoses of major diseases such as diabetes mellitus and cerebrovascular disease has been well validated. 16, 17 This study was approved by the Institutional Review Board of Kaohsiung Medical University, Kaohsiung, Taiwan.
Study Subjects
In this cohort study, we selected persons aged 15 years or older who received a new HIV diagnosis during the period from January 1, 2000 through December 31, 2012. A diagnosis of new HIV required (1) the presence of a relevant International Classification of Diseases, ninth revision, Clinical Modification (ICD-9-CM) code, namely 042-044, 7958, or V08, in an inpatient setting or 3 or more outpatient visits and (2) the presence of an examination for viral load or CD4 count (order codes: 26017A1, 14074B, 12071A, 12071B, 12073A, 12073B, 12074A, and 12074B). 18 Patients who had received a stroke diagnosis (ICD-9-CM codes 430-437) before an HIV diagnosis were excluded.
The control group was selected from the NHIRD. Since all individuals in the NHIRD had detailed information regarding the dates of hospital visit, the control group was matched by age, sex, and the date of HIV diagnosis (67 days). Four controls were randomly selected for each patient with HIV. 19, 20 Control subjects were excluded if they had received a diagnostic code for HIV or stroke before the date of enrollment in the study. The HIV and control groups were both followed until a diagnosis of stroke, death, or December 31, 2012. Deaths were confirmed by examining the death certificate database of Taiwan.
Variables and Measures
The outcome new stroke was defined as ICD-9-CM codes 430-437 and included hemorrhagic stroke (ICD-9-CM codes 430-432) and ischemic stroke (ICD-9-CM codes 433-437). 21 The sensitivity and specificity of stroke diagnosis in NHIRD were 94.5% and 97.9%, respectively, for patients hospitalized for stroke in Taiwan. 16 To improve case ascertainment, only patients hospitalized for stroke were included in the analysis.
The covariates included sociodemographic characteristics, comorbidities, OI after HIV diagnosis, and highly active antiretroviral treatment (HAART). Sociodemographic characteristics included income level and urbanization. Income level was calculated from the average monthly income of the insured person and classified as low [#19,200 New Taiwan dollars (NTDs)], intermediate (19, 201 to ,40,000 NTD), and high ($40,000 NTD). Urbanization was categorized as urban and rural area. Patients with HIV were considered to receive HAART if they received HAART before the new onset of stroke. The comorbidities included diabetes (ICD-9-CM code 250), chronic kidney disease (CKD; ICD-9-CM codes 580-587), HTN (ICD-9-CM codes 401-405), coronary heart disease (ICD-9-CM codes 410-414), cancer (ICD-9-CM codes 140-208), dyslipidemia (ICD-9-CM code 272), and systemic lupus erythematosus (ICD-9-CM code 710.0). OIs after diagnosis of HIV included Mycobacterium tuberculosis infection (ICD-9-CM codes 011-018), disseminated Mycobacterium avium complex infection (ICD-9-CM code 0312), Pneumocystis jirovecii pneumonia (ICD-9-CM code 1363), cryptococcal meningitis (ICD-9-CM code 3210), Penicillium marneffei infection (ICD-9-CM code 1179), Toxoplasma encephalitis (ICD-9-CM code 130), candidiasis (ICD-9-CM code 112), and herpes zoster (ICD-9-CM code 053). A person was considered to have a comorbidity or OI only if the condition occurred in an inpatient setting or was noted in 3 or more outpatient visits. 22 
Statistical Analysis
First, demographic data from study subjects were analyzed. Continuous data are presented as mean (SD), and the 2-sample t test was used for comparisons between groups. Categorical data were analyzed by using Pearson x 2 test, when appropriate.
The incidences of ischemic, hemorrhagic, and all-cause stroke per 1000 person-years (PY) were calculated in patients with and without HIV infection. Among patients with HIV, the start date for the calculation of PY was the date of the first HIV/AIDS clinic visit, whereas the start date for control groups was the date of enrollment. The end date for HIV and control groups was December 31, 2012 or the date of stroke or death during the study follow-up period. The relative hazards of incident stroke in patients with HIV, as compared with patients without HIV infection, were estimated by using Cox proportional hazards models.
A Cox proportional hazards model was used to determine the association between HIV infection and incident all-cause stroke after adjusting for age, sex, and comorbidities. The multinomial Cox proportional hazards regression was used to evaluate the association between HIV, incident ischemic, and hemorrhagic stroke. In addition, to determine the association between OIs and incident stroke, a timedependent Cox proportional hazards model was used to identify risk factors for incident stroke among patients with HIV. In these models, HAART and OIs were regarded as time-dependent covariates, 12 whereas other confounders, such as age, sex, and comorbidities, which were collected at baseline, were treated as fixed covariates. Adjusted HRs (AHRs) with 95% confidence intervals (CIs) are reported to indicate the strength and direction of associations.
To examine the robustness of the main findings, sensitivity analyses were conducted after stratifying study subjects by age, sex, and comorbidities. Also, we conducted additional analyses for the association between HIV and incident stroke, with death as the competing risk. 23 All data management and analyses were performed by using the SAS 9.4 software package (SAS Institute, Cary, NC).
RESULTS
Participant Selection
We identified 22,327 persons who had received a new HIV diagnosis during the period from January 1, 2000 through December 31, 2012. After excluding those younger than 15 years (n = 317), those with antecedent stroke disorder (n = 350), those with unknown gender (n = 145), and those with unknown income (n = 140), the remaining 21,375 patients with HIV were included in the analysis (Supplemental Digital Content, Figure S1 , http://links.lww.com/QAI/ A938). Another 85,500 subjects without HIV were randomly selected for inclusion in the control group. The overall mean (SD) age was 33.92 (10.57) years, and 91.3% of the subjects in the HIV group were male. The mean (SD) follow-up time was 4.65 (3.36) years in the HIV cohort and 5.64 (3.33) years in the control group. The demographic characteristics of the 2 groups are shown in Table 1 . As compared with the control group, patients with HIV had a higher proportion of CKD, cancer, and systemic lupus erythematosus and a lower proportion of HTN and dyslipidemia.
Stroke Incidence Rate
During the study follow-up period, new onset of allcause stroke was noted in 927 individuals: 252 (1.18%) patients with HIV and 675 (0.79%) controls. The incidence rate of all-cause stroke was 2.53 per 1000 PY among patients with HIV and 1.40 per 1000 PY among the controls (P , 0.001). The incidence rate of ischemic stroke was 1.87 per 1000 PY among patients with HIV and 1.01 per 1000 PY among the control group (P , 0.001) ( Table 1) . Moreover, the incidence rate of hemorrhagic stroke was 0.66 per 1000 PY among patients with HIV and 0.39 per 1000 PY among the controls (P , 0.001). Time to diagnosis of incident allcause, ischemic, and hemorrhagic stroke was significantly shorter in patients with HIV infection (P , 0.001, log-rank test; Fig. 1 ). The relative hazards of incident ischemic, hemorrhagic, and all-cause stroke among patients with HIV were 1.42 (95% CI: 1.17 to 1.71), 2.10 (95% CI: 1.59 to 2.77), and 1.93 (95% CI: 1.67 to 2.23), respectively, as compared with controls.
Association of HIV Infection With Incident AllCause Stroke
A Cox proportional hazards model was used to identify independent risk factors for all-cause stroke. After adjusting for age, sex, and comorbidities, HIV infection significantly increased the risk of incident all-cause stroke (AHR 1.83; 
Association of HIV Infection With Incident
Ischemic and Hemorrhagic Stroke Table 3 shows the results of multinomial Cox regression analysis of factors associated with ischemic and hemorrhagic stroke in the study subjects. HIV infection significantly increased the risks of incident ischemic (AHR 1.33; 95% CI: 1.09 to 1.63) and hemorrhagic stroke (AHR 2.01; 95% CI: 1.51 to 2.69).
Sensitivity Analysis of the Association Between HIV Infection and Stroke
The sensitivity analyses of the association between HIV and stroke were conducted after stratifying study subjects by age, sex, and comorbidities (Supplemental Digital Content, Figure S2 , http://links.lww.com/QAI/A938). HIV infection was significantly positively associated with the risk of allcause stroke in all patient subgroups. In addition, HIV infection significantly increased the risk of ischemic stroke in all patient subgroups except those aged $50 years, males, those with low or high incomes, those living in urban areas, and those with HTN. Furthermore, HIV infection significantly increased the risk of hemorrhagic stroke in all patient subgroups except those with intermediate or high incomes.
Additional analysis with death as the competing risk showed that HIV infection was associated with increased risk of incident all-cause stroke (AHR 1.55; 95% CI: 1.33 to 1.80) (Supplemental Digital Content, 
DISCUSSION
This nationwide cohort study found that after adjusting for demographic data, comorbidities, and income level, the risk of all-cause stroke was higher among patients with HIV. When the type of stroke was considered, HIV infection significantly increased the risks of both ischemic and hemorrhagic strokes. Moreover, among HIV-infected patients, stroke risk was significantly higher in those with cryptococcal meningitis, CMV disease, or P. marneffei infection.
An association between HIV infection and stroke has been previously reported. However, few longitudinal studies have evaluated the link between HIV infection and incident stroke. A Danish population-based cohort study found that patients with HIV had a higher risk of all-cause stroke (AHR 1.60; 95% CI: 1.30 to 1.95). 8 A cohort study of the US health care system found that the incidence rate for ischemic stroke was 5.27 per 1000 PY for patients with HIV and 3.75 per 1000 PY for patients without HIV. 9 In the US cohort study, HIV infection was an independent predictor of incident ischemic stroke (AHR 1.21, 95% CI: 1.01 to 1.46). 9 Another cohort study of the US Veterans Affairs administrative data showed that male veterans with HIV infection had an 
93). HIV infection was an independent
predictor of incident all-cause stroke. When the type of stroke was considered, HIV infection significantly increased the risks of ischemic and hemorrhagic strokes. These findings suggest that HIV is an independent predictor of ischemic and hemorrhagic stroke. HIV-associated vasculopathy (eg, atherosclerosis and aneurysmal arteriopathy) may have increased the risk of incident ischemic and hemorrhagic stroke among the patients with HIV in this study. When HIV virus infects a host, HIV virion or its particles (eg, GP120 or TAT) may directly stimulate the endothelium and increase endothelial permeability, which facilitates leukocyte invasion of vessel walls and results in vascular inflammation. 4, 5 HIV-associated vasculitis of the vasa vasorum may lead to intramural arterial ischemia, which results in aneurysmal dilation and a potential increase in the risk of intracranial hemorrhage. 6, 7 HIV virion can also cause endothelial dysfunction, an early marker of atherosclerosis, which leads to platelet adhesion and aggregation, activation of blood clotting, fibrinolysis derangement, and a tendency toward a prothrombotic state. 5, 24 HIV-induced endothelial inflammation also increases production of reactive oxygen species, which results in vascular cell proliferation. 3 Exacerbation of HIV-associated vasculopathy (eg, aneurysmal arteriopathy and atherosclerosis) may cause dilating aneurysm, vascular constriction, and thrombotic occlusion, which might ultimately lead to hemorrhagic or ischemic stroke.
HIV-associated OIs may have increased the risk of incident stroke among the patients with HIV in this study. OIs in patients with HIV could exacerbate HIV-associated vasculopathy and increase the risk of incident stroke. 3 A series of case reports found that OIs may increase the risk of incident stroke in patients with HIV [12] [13] [14] ; however, few longitudinal studies have evaluated the association between OIs and incident stroke. 3 This study followed 21,436 patients with HIV, and time-dependent analysis revealed that patients with HIV with OIs (eg, cryptococcal meningitis, CMV infection, and P. marneffei infection) had higher risks of incident stroke. Cryptococcal meningitis may cause vasculitis with spasm and constriction, 14, 25 which could increase the risk of incident stroke in patients with HIV.
A previous case study reported an association between CMV infection and incident stroke. 12 However, only a limited number of long-term cohort studies have evaluated the link between CMV infection and incident stroke. To the best of our knowledge, only the recent Italian Cohort Naive Antiretrovirals study has evaluated the association between CMV infection and incident stroke in patients with HIV. That study found that the risk of cerebrovascular disease was higher among patients with HIV who were CMV seropositive at baseline than among those who were CMV seronegative (AHR 2.27; 95% CI: 0.97 to 5.32; P = 0.058). 26 Although the Italian Cohort Naive Antiretrovirals study was the first cohort study of the link between CMV infection and stroke, it was limited by the small number of cerebrovascular events (n = 6). Time-dependent analysis in the present study showed that CMV infection was an independent predictor of incident ischemic stroke among patients with HIV. CMV-induced inflammation and atherosclerosis may increase the risk of incident stroke in patients with HIV coinfected with CMV. When CMV infects a host, it can infect vascular cells and cause vascular cell inflammation and proliferation by activating nuclear factor-kB. 27, 28 CMV infection of smooth muscle cells may also initiate production of powerful proinflammatory cytokines (eg, leukotriene B 4 ), which may contribute to atherosclerosis, stenosis, and incident stroke. 29 The present findings suggest that to reduce the risk of incident stroke, comprehensive care should be provided to patients with HIV, particularly those with cryptococcal meningitis, P. marneffei, and CMV infections.
This study is the largest cohort study of the association between HIV infection and subsequent stroke development. Our research design, which included unbiased subject selection and strict HIV diagnostic criteria, enhances the validity of the findings. In addition, this nationwide population-based study traced all patients with HIV and control patients, thus minimizing referral bias, because all medical care was covered by the Taiwan National Health Insurance system. Moreover, the large sample size was powered to detect even very small differences between the controls and patients with HIV. Additionally, the timing of OIs was ascertained in all patients, and OIs were regarded as a time-dependent variable in the analysis. Longitudinal studies that do not account for changes in exposure during the study period do not yield precise estimates of the exposure effect on outcomes. 30 The present study nevertheless has some limitations. First, viral loads and CD4 counts-the index of immunologic status of patients-were unavailable in our database. Therefore, our study used OIs as the proxy for immunologic status of patients and evaluated the association between OIs and incident stroke. However, more studies are needed to determine the association between CD4 count, viral loads, and incident stroke. Second, diagnoses of HIV, stroke, and OIs that rely on administrative claims data recorded by physicians or hospitals may be less accurate than those made in a prospective clinical setting. However, there is no reason to suspect that the validity of claims data would differ with respect to patient HIV status. HIV infection in this study was defined strictly, by using the relevant ICD-9 codes, and confirmed by an examination for viral load or CD4 count, which yielded better diagnostic validity. A stroke event was defined as patient hospitalization for stroke. Although a prior validity study found that the accuracy of the Taiwan NHIRD in recording stroke diagnoses was high (98%) among patients hospitalized for stroke, 16 the outcome of stroke may have been misclassified. This non-differential misclassification of outcome would most likely to bias the results toward a null association. Finally, the external validity of our findings may be a concern because almost all our enrollees were Taiwanese. The generalizability of our results to other non-Asian ethnic groups thus requires further verification. Nevertheless, our findings suggest new avenues for future research.
In conclusion, this nationwide long-term cohort study found a link between HIV infection and stroke. HIV infection was associated with a higher risk of incident all-cause stroke, after adjustment for demographic characteristics and comorbidities. When the type of stroke was considered, HIV infection significantly increased the risks of both ischemic and hemorrhagic strokes. Furthermore, among HIV-infected patients, stroke risk was significantly increased in those with cryptococcal meningitis, CMV disease, and P. marneffei infections. These findings suggest that patients with HIV had an increased risk of stroke, particularly those with cryptococcal meningitis, cytomegalovirus, or P. marneffei infection. 
